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A. Statement of Work Performed. 

During the period covered by this report the following workhas been 

performed: 

1. A set of prints was UUL,QIU=~ -LA-a-..a ++- *he --_ IT. S. Geological. Survey,  Washington, 

D.C., of the tes t  3 i t e  wherein this investigation vas t o  be conducted, 

namely the Pis& Crater Area i n  the Mojave Desert of CaLiTarnia. 

2,  Within the general test si te,bounWes of two t e s t  s t r ips  were 

delineated directly on the photos. 

directly over Pisgah Crater itself; the other s t r ip  sampled regre- 

One of these s t r ips  was centered 

sentative terrain conditions at one edge of the Pis@ lava f law i n  

the vicinity of a dry lakebed k n m  as "LBvic Lake". 

3. A detailed on-the-ground study of the two t e s t  s t r ips  was made by the 

principal investigator i n  conjunction w i t h  two expert geologists of 

the California Division of Mines and Geology, both of whom had acquired 

several years of experience inmapping the geology o f t h e  Hoejave Desert 

and environs. 

presently believed t o  be the most significant terrain classes of the 

Pisgah Crater t e s t  site, 

On the basis of this study, and while st i l l  in the field, a large 

The result of this study wns a delineation of what are 

4. 

number of representative sample plots were selected for each terrain 

class, and each was plotted on the aer ia l  photographs. 

Through use of a random selection process, a determination vas made, 5 .  

for each terrain class, as t o  which of these representative plots mul.d 

be used when obtaining spectrometric data and target-arrw samples. 
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6. At the request of the principal investigator, NASA entered into a 

sepaxate contract with the Bamier Intrusion Branch, Engineer Reseaxch 

and Develapnent Laboratories, Armly Corps of w e e r s .  Under this 

each of the selected spots for the purpose of making at least 9 Ught 

reflectance measurements within each terrain class. In each instance 

the spot at which light reflectance measurements were taken was as 

indicated by the principal imresti@iator and his assistants. At total 

of 100 readings were thus made of light reflectace framthe terrain, 

wavelength-by-wavelength, for the entire range within xhich the 

. spectrophotometer is aperative (approximately 260 to 2,000 mfl1 $microns) 

7* From each s p t  at which Ught reflectance measurements had been made, 

a sample of the weathered surface material was obtained and transported 

to the Electrical Engineering Laboratoq- of the University of California 

at Richmrmd, Calffornia. Most of the surface smples were no more thm 

about two to four indhes sqpare, but were of ample size to pernit their 

being analyzed with the laboratory-type spectrophotmeter. 

instances, however, much larger samples were obtained for later use 

In several 

in photographic tests to be made fm a water tarser on the Davis Campus 

of the University of California and also from Glacier Point in Yosemite 

Valley, as later described. 

8. From each sample a representative portion was mounted w i t h  its weathered 

surface exposed; its spectral ref1ec"cce characteristics were then 

measured, wavelength-by-wavelengb, with the laboratory spectruphotmeter, 
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throughout the entire range f o r  which that spectrophotometer i s  operahive 

(400 t o  1,OOO milliuclcrons), Although this instrument has a nore 

W t e d  spectral. range than the portable spectraphotameter's, it 

n.m".mL.: - nonetheless covers virtually a l l  of the s p c t . ~ r n  I n  @LA& $ICL~ W)=Al.*,LL 

images can be obtained directly on fih, emulsicm by means of remote 

reconmissance; hence it gave information highly pertinent -to the 

>resent study. Amajor objective i n  obttxbing this second set of 

readings has been t o  determine the extent t o  which reliance mLght be 

placed i n  future tests,  on laboratory measurements of light reflectance, 

rather than on the %ore costly and labcrious field measurements. 

The remainder of each of the s q l e s  for which a large mount of 

materirtL had been selected was transported t o  a spot beneath a 150-foot 

water tower on the Davis cainpm of the University of California, 

10. A t o t a l  of 72 color panels made of Masollite sheets, each four feet 

square and sprayed with paints hav5ng proper hue, vdue avld chroma 

characteristics (as recommended by Harry Jo Keegan of the Ca1orimcm-y 

Laboratory, National Bureau of Standarrds, Washington, D. C 1 also were 

transported t o  the Davis Campus. 

Sections 4 x 5 inches i n  size were cut from roD of each of the 

follu-dng kinds of aer ia l  film: 

Detection fi lm, Aerial Panchrmztic Supr XX fila, and kfi.azed 

Aerographic f i l m .  vere purc:hased 

of each of the following kinds of film Lhat n o m  w e  used i n  taking 

conventional te r res t r ia l  photogrqhy: 

. 3. 

'il, 

Aerial Ektachrome film, ~ ~ o u f L ~ e  

In addition 4 x 5 inzh sheets 

Qrthociwmatic, ' h i - X  P~nchi*matic, 
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Inf'rwed, Machrome, and Ektacolor. A large assortment of narrow- 

band and wide-band f i l t e r s  also was obtained, including the Wratten 12, 

25A, 47B, 61, 87C and 8%. The cut films were mounted i n  holders 

and eqosed, through the use of t~ mu Graphic camera, i n  cambinatiun 

Srith various f i l t e r s .  The t a r g e t  for these exposures consisted of the 

color panels and Pis@ Crater terrain samples. 

the ciltwallr of the l5O-foot water tuwer at Bvis, beneath which the 

target arcray had been empbced. One set of photos was taken at a high 

sun angle, the photographic period being centered around high noon, 

local sun Lime; a second se t  of *os was taken a t  a low sun angle, 

centered about the one hour perlod imnediately preceding sunset on 

the same daya All of the photos were truly vertical  and were taken fram 

precisely the same amem station. A few additional photos were taken 

with a second Speed Grqhic camera t o  determine the exteht t o  which 

possible differences i n  lens optics might &feet the tone o r  color 

d u e s  with which the various elements of the target &rrw registered on 

the photographs. 

Upon conpletion of the hv3.s test, materials c q r i s i n g  the target array 

were trmsported t o  s point on the floor of Yosemite Valley, which  is 

approxbately 3,000 feet lower than the selected camera station at 

Glacier Point. 

sl;ation was about 4,000 feet; consequently near vertical. aerial photos 

could be taken which were in a l l  respects comparable t o  those talken at 

Davis except that a much longer column of air(h,003 feet  instead sf 150 feet), 

The camera station was 

E, 

The slant range to the target array fram the camera 
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with ccrrespondingly larger amounts of atmospheric haze,separated 

canera station from target in the Y o s d t e  t e s t  as cangazed with the 

Davis tes t .  

Yosemite, just QS at Davis. 

Both high- a d  lw-sun angle photos were taken at; 

Color tFglrrrserature readings at the tines 

of ph&ofTaphy also were taken both at Yosezaite and Davis. 

A l l  of the Davis and 'iosemrite photography vas processed and prini;ed 

promptly t o  awTd possible deterioration of the image ( p a S t i c U - ~ l y  

on the color films). 

U s i n g  a Welch Densichron w i t h  a 0.02" aperaturc the grey scale values 

or tonal densitfes were read for  each clement o f t h e  t.arget &may 

u0 

14. 

as imaged on each of the Davis and Yosemite newtiws. 

From a preliminary anaLysis of the Pis@ Crater spectrophotometric 

data, severaL black-and-white film-filter combinations irere selected 

which appemed t o  of'fer greatest promise of prov id ing ,  either individually 

or i n  concert, unique tone signatures for the vazious Pisgah Crater 

15. 

terrain classes. 

Using a K-17 cmera having a focal length of I 2  inches, t m e  aerial 

photomapfis 'were taken of the two selected t e s t  strips at ?isgah Cratzr, 

w i t h  each of the selected film-filter combinations; nerir?i photography 

of the sane meas a l s o  inis flown on the sane day, with bath Aerial 

16. 

Ektachrme filn and Camouflage Detection fib. For each fCilm-filteer 

cmbinatioo, both high- and low-sun angle photograplqy ins taken, and 

color ';emperahre rearlings were taken as they had been CLf; Yosemite 

and Davis. The flight altitude was agproxbxkily 4,000 feet  above 

the rL3 of Pisgah Crater. The cane color parlels; w had been user? at 
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both Datris and Yoscmite were included i n  a target amay that was 

emplaced on the rim of Pisgalh Crater on the day of photogrzqhy. 

Work Currently in Progress, 

Using the Welch Densichron, tone density a c e s  are currently b e h g  

read for each terrain class and f o r  each element of the color p e l  

array on each of the aerial negatives that were obtained i~ the 

f l ights  over Pisgah Crater. 

Using aI.2. of the spectrametric data obtained with the porkble spectro- 

p h o t w t e r ,  and using the procedures and computer techniques described 

i n  detai l  i n  the original proposal, a cmplete spectrometric analysis 

is being made with the IBM 70% canputer at Berkeley. Frml th i s  mdysis 

it w i l l  be possible t o  c q u t e  the theoretical tone value with which 

each kind of material comprising the target array should register 

on each Df the multispectral photographs taken at Davis, 'llosemite and 

PisgtLki Crater. 

on spectral. sensit ivit ies of the films used, spectral t rammiss5t ies  

of the f i l t e r s ,  .and color temperztwe of the illuminant at -:;he tine of 

These conputations also incorporate accura-bejnfomation 

P h ~ o s a P W .  

An analysis similar t o  that described i n  Step  2 (above) also is being 

=de of the spectrometric data obtained with the G.E. speci;?_opk@toter 

i n  the lsboratory at Ric'mond. 

Summary Statement Xegarding Present -P- Sta tus  of %he Project. 
I 

me procedure ES o.rLlined in the orj.ginal proposal has been 

followed t o  date  i n  vi~tuallgr every detail. fKL photographs rela".;cd 
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data obtained thus far appear t o  be very satisfactory for use i n  the final 

analysis stages, The main work yet to  be completed ( a t h o w  it currently 

is in progress) is that of correlating Zredicted with actual pltotographic tone 

signatures for each terrain class and for  each color panel. If significantly 

higher correlations are obtained using light reflectance data ob-hined vi th  

the portable spectraphotmeter than with the leboratory model, this w i l l  

indicate the need hereafter of relying on the mme troublesome, costly, 

tiae-consmhg field readings. 

when using light reflectance neaswements taken with the laboratory model 

ase equally high, or nearly so, this will suggest that great savings can 

'be made i n  the f'uture by bringing terrain samples t o  the spectrophotometer, 

If, on the other hand, correlations obtained. 

a rather than hrving t o  take the spectrophotometer t o  the terrain saqples. 


